Characterization
FT-IR spectra were recorded on a Spectrum 100 (Perkin Elmer, Inc., USA) spectrometer. The morphology and elemental mapping information were obtained on a scanning electron microscopy (SEM, Sirion 200, 25kV) and transmission electron microscopy (TEM, JEOL JEM-2010, 200kV ). X-ray diffraction (XRD) measurements were performed on a D/max-2200/PC (Rigaku Corporation, Japan) using Cu (40kV, 30mA) radiation. Raman spectra were recorded on a Senterra R200-L (Bruker Optics) using a 5 mW Ar-ion laser at 532 nm excitation. Solid-state 13 C CP-MAS NMR measurements were performed on a Bruker Avance III 400MHz NMR spectrometer at a MAS rate of 5 kHz and a CP contact time of 1 ms. N 2 adsorption-desorption isotherms at 77 K were determined by using a Micromeritics ASAP 2010 instrument. The Brunauer-Emmett-Teller (BET) method and density functional theory (DFT) pore model were utilized to calculate the specific surface area and pore size distribution. Thermogravimetric analysis (TGA) were performed on a Q5000IR (TA Instruments, USA) thermogravimetric analyzer at a heating rate of 20°C min -1 under nitrogen atmosphere. X-ray photoelectron spectroscopy (XPS) measurements were carried out on an AXIS Ultra DLD system from Kratos with Al Kα radiation as the Xray source.
Electrochemical measurements
Electrochemical measurements were performed on CHI 660e workstation (Chenhua, Shanghai). A conventional cell with a three-electrode configuration was employed to test the electrochemical performance. Working electrode was prepared by mixing HPPNs with carbon black (Mitsubishi Chemicals, Inc.) and poly-tetrafluoroethylene (PTFE) binder in a weight ratio of 7:2:1. The experiments were carried out at room temperature in a 1M H 2 SO 4 solution with a platinum filament as counter electrode and an Ag/AgCl electrode as reference electrode.
In the case of all-solid-state supercapacitors (ASSSs), gel-like electrolyte was first fabricated by mixing H 2 SO 4 (6g) and PVA (6g) in deionized water (60mL) and thus heated up to 85℃ under vigorous stirring for about 3 hours until the solution became clear. Two slices of stainless steel mesh were painted with the active material, and then immersed in the PVA/H 2 SO 4 electrolyte. The resulting electrolyte-filled electrodes were solidified overnight at room temperature. Finally, as-prepared two electrodes were separated by a membrane and then symmetrically face to face integrated into one ASSS.
Cyclic voltammetric measurements were recorded from -0.3 to 0.7 V at a scan rate from 5 to 100 mV s -1 . Galvanostatic charge-discharge measurements were performed at different current densities in voltage from -0.3 to 0.7V. Electrochemical impedance spectroscopic (EIS) were recorded under open circuit potential in an AC frequency range from 100000 to 0.01 Hz.
The specific capacitance (C, F g -1 ) of an electrode was calculated from the slope of discharge curve by using the equation of C = I t / (V m), where I (A) is the × × discharge current, V (V) is the discharge voltage, t (s) is the discharge time, and m (g) is the mass of HHPPNs in the electrode. 4 The energy density (E) of the two-electrode system was calculated from the discharge profiles by using the following equation: EΔV 2 /3.6, where E (Wh kg -1 ) is the energy density, C (F g -1 ) is the specific capacitance of the active material and ΔV (V) is the discharge voltage range. With a factor 3.6, the energy density is converted from J g -1 to Wh kg -1 . 5 The power density (P) of the two-electrode system was calculated as follows: P= E×3600/Δt where P (W kg -1 ) is the power density, and E (Wh kg -1 ) and Δt (s) are the energy density and discharge time, respectively. In 13 C CM-MAS NMR spectra, the peak at 177 ppm can be assigned to the carbon atoms in the triazine ring, while the signal located at 164 ppm might originate from the carbon atoms, constituting imine linkage, in the anthracene. The signals at 132, 129 and 124 ppm belong to the three kinds of carbon atoms of the anthracene phenyl edges, respectively. 1, 6 Consequently, it is experimentally confirmed that five kinds of carbons exist in HPPNs. In Raman spectra, the two prominent peaks at around 1340 and 1590 cm -1 were observed which correspond to the D (disordered) and G (order) bands of carbon, respectively. The I D /I G ratios of HPPN-T (T: 300, 400, 500 and 600) tend to decrease greatly with the rising of temperature from 300 to 600℃. The lowest I D /I G ratio of HPAP-600 (0.85) indicates a remarkable degree of graphitization of this carbonized polymeric network at 600℃. 7, 8 The fact is in line with the conclusion from quantitative analysis for the quaternary N content in XPS of HPPN-T. The I D /I G ratio for HPPN-400-t (t: 15, 30) tends o decrease from 1.062 to 0.917 when the polymerization time was prolonged from 15 hours to 30 hours; which means increased graphitization degree. Then the I D /I G ratio rises to 1.024 for HPPN-400-60 and 1.045 for HPPN-400-90 when the polymerization time was prolonged to 60 and 90 hours during synthetic processes; which suggests a decreasing graphitization degree. These conclusion were in accord with the analyses from the XPS spectra of HPPN-400-ts (t: 15, 30, 60 and 90). 
